I outline some of the progress over the past few years in applying ideas from string theory to study the quark-gluon plasma, including the computation of the drag force on heavy quarks and estimates of total multiplicity from black hole formation. I also indicate some of the main perils of the string theory approach.
β(g Y M ) ≡ 0 for this theory, which makes comparison with QCD perilous.
20
At weak coupling, the open strings ending on the D3-branes behave as gluons, and superpartners of gluons, in SYM. At strong coupling, the simplest description of D3-branes is in terms of near-horizon geometry, AdS 5 ×S 5 . The five-sphere, S 5 , plays essentially no role in the discussion to follow. The metric of AdS 5 is
and the characteristic length scale L is related to the 't Hooft coupling by
where α is the inverse string tension. One can introduce finite temperature by replacing AdS 5 by the AdS 5 -Schwarzschild metric:
The horizon at z = z H has Hawking temperature T = 1/(πz H ), and its Bekenstein-Hawking 25 entropy is related to its area by S = A/4G N .
26
SYM has considerably more degrees of freedom than QCD: free field counting gives
(3 massless flavors) .
It is perilous to directly compare theories with /T 4 so different. On the other hand, it is intrigu-27 ing that lattice results for / free in QCD are fairly close to the SYM values. 
2.
3. An infinitely massive fundamental quark is dual to a hanging string [12, 13] 
29
The relation between quark-anti-quark pairs and hanging strings in AdS 5 is illustrated in 30 figure 2. The quarks are infinitely massive because there is actually an infinite length of string 31 "close" to the boundary.
32
By calculating on the string theory side the energy gained by passing from the disjoint strings to the U-shaped string, one finds a Coulombic force, screened in the infrared when the temperature is finite. Equating this force to the quark-anti-quark calculated from the lattice at a separation r ≈ 0.25 fm and an energy density corresponding in QCD to T ≈ 240 MeV leads to 
The physical picture of quark energy loss in string theory is sketched in figure 3 . The trailing string describes the response of the color-electric fields produced by the quark to the thermal medium. From the shape of the string, determined through classical equations of motion in string theory, one can deduce that A recent study shows that these equilibration times are at least roughly consistent with R AA of 42 non-photonic electrons [19] .
43
The stochastic forces on the quark are reflected on the string theory side by oscillations of The first method, originally proposed in [23] , is based on using a Wilson loop describing two quarks separated by a length L and propagating along a null separation L − , measured in the rest frame of the plasma. In this approach one findŝ
In the last approximate equality, I used λ = 6π, as preferred by the authors of [23] . In comparing is not without its perils.
50
The second method is based on a representation of an off-shell gluon as a string falling into the horizon, first proposed in [25] . This method leads to a stopping distance
It is perilous to compare (10) (or better estimates of x stop based on worldsheet and spacetime geodesics) with more standard approaches based onq, simply because the picture of a gluon advocated in [25] is significantly different from the perturbative picture. Nevertheless, one can make a rough translation of x stop into a value for the jet-quenching parameter:
where in the approximate equality we set α s = 1/2 for QCD, but use λ S Y M = 5.5 for SYM, as well 51 as the usual scheme of matching the energy density of QCD and SYM, with T QCD = 280 MeV.
52
We also assumed that the energy of gluons is between 5 to 25 GeV.
53
Among the perils of this discussion are the crudeness of (11), the sensitivity to the tempera- In [30] it was shown that starting from the gravitational action 
61
A peril in using the action (12) is that it doesn't come from a first principles calculation. The idea of colliding shocks is to replace a heavy ion with a boosted conformal soliton. In the limit of infinite boost, the only non-zero component of the gauge theory stress tensor is
where
The fall-off of T −− at large x ⊥ is as a power, perilously different from the exponential fall-off of the Woods-Saxon profile. We nevertheless work with (13) because its gravitational dual is simple: it is a point-sourced gravitational shock wave in AdS 5 . As sketched in figure 5 , a non-spherical event horizon forms when such shocks collide. Following standard but non-rigorous methods, one can estimate 
Thermal Phenomenology and Hadrochemistry
In the Landau scenario, freezeout is not expected to occur immediately, as Fermi assumed, but rather when the temperature reaches the limit of the pion Compton wavelength T = mπ. This was based on a suggestion by Pomeranchuk [ 15] to avoid Fermi's prediction that nucleons would outnumber pions by virtue of their larger statistical weight. This assumption leads to predictions for the relative population of various particle states similar to those made in the Hagedorn approach [ 16, 17] .
A+A collisions clearly deviate from the Fermi-Landau formula at low energies. An obvious suspect is the phenomenon of baryon stopping, which is absent in p+p collisions but is substantial in A+A [ 18] . If one puts back the −µBNB term into the first law of thermodynamics, we immediately see how the presence of a conserved quantity associated with a substantial mass (i.e. the proton mass) will naturally suppress the total entropy: S = (E + pV − µBNB)/T . Using an existing thermal model code, Cleymans and Stankiewicz [ 19] calculated the entropy density as a function of √ s. It rises to limiting value where µB → 0 and T → T0, the Hagedorn temperature. If we then assume that the total multiplicity scales linearly with the Using the phenomenological estimate S ≈ 7.5N charged , one gets N charged > ∼ 4700 for central gold-gold collisions at top RHIC energies. This compares quite favorably with the data, which gives 66 N charged ≈ 5000 [38] . A serious peril is the E 2/3 scaling in (14), which will bring the string theory 67 prediction into conflict with data only slightly above top RHIC energies unless multiplicities rise 68 unexpectedly quickly.
69
A crude resolution, which I nevertheless think is on the right track, is to discard the entropy 
